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The asymmetric unit of title co-crystal, C 14 H 16 N 4 S 2 2+ -- 
2C 7 H3N20 6 ~-4C7H 4 N20 6 , comprises a centrosymmetric dipyr- 
idinium dication, a 2,6-dinitrobenzoate anion and two 
independent 2,6-dinitrobenzoic acid molecules. The pyridin- 
ium rings are each approximately perpendicular to the central 
dithioamide unit [dihedral angle = 80.67 (12)°]. The carboxyl- 
ate/carboxylic acid groups are approximately perpendicular to 
the benzene ring to which they are attached [dihedral angles = 
78.85 (16), 81.46 (19) and 71.28 (15)°]. By contrast, the major 
twist exhibited by a nitro group is manifested in a dihedral 
angle of 32.66 (17)°. The most prominent feature of the crystal 
packing is linear supramolecular chains along [110], featuring 
O— H- • O(carboxylate) and pyridinium-N — H- • O hydrogen 
bonds. These are consolidated into a three-dimensional 
architecture by thioamide-nitro N— H - O, C— H- ■ O and 
n-Tt [inter-centroid distance = 3.524 (2) A] interactions. One 
of the nitro O atoms was refined over two sites; the major site 
was 0.65 (7) occupied. 

Related literature 

For the 2:1 salts of 2,6-dinitrobenzoate with isomeric 
«-({[(pyridin-l-ium-«-ylmethyl)carbamoyl]formamido}meth- 
yl)pyridin-l-ium, n = 2, 3 and 4, see: Arman et al. (2013). For 
co-crystals of 4-nitrophenylacetic acid with A',A''-bis(pyridin- 
3-ylmethyl)oxalamide and the thioxalamide analogue, see: 
Arman et al. (2012). 
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Experimental 

Crystal data 

C 14 H 16 N 4 S 2 2 *-2C,U 3 N 2 0 6 -- 

4C 7 H 4 N 2 0 6 
M r = 1575.14 
Triclinic, PI 
a = 11.157 (2) A 
b = 11.524 (3) A 
c = 14.967 (4) A 
a = 79.601 (18)° 

Data collection 

Rigaku AFC12/SATURN724 

diffractometer 
10659 measured reflections 
7317 independent reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.065 

wR(F 2 ) = 0.166 

5 = 1.06 

7317 reflections 

518 parameters 

4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



N0 2 0 2 N 




j3 = 72.859 (17)° 

Y = 61.237 (12)° 

V = 1610.3 (7) A 3 
Z= 1 

Mo Ka radiation 
fi = 0.20 mm -1 
T = 98 K 

0.35 x 0.10 x 0.09 mm 



5680 reflections with / > 2o-(/) 
R ml = 0.040 
Standard reflections: 0 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.01 e A~ 3 

Ap mi „ = -0.50 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


02-Hlo-013' 


0.84 (3) 


1.70 (3) 


2.536 (3) 


169 (5) 


08-H2o- ■ 014 


0.85 (3) 


1.70 (3) 


2.546 (3) 


178 (4) 


Nl-Hln-014 


0.88 (3) 


1.86 (3) 


2.733 (3) 


171 (3) 


N2-H2n-015" 


0.88 (3) 


2.53 (3) 


3.202 (3) 


134 (2) 


C3-H3- ■ 018 m 


0.95 


2.39 


3.141 (5) 


136 


C12-H12-016'" 


0.95 


2.41 


3.301 (4) 


157 


C25-H25-O10 iv 


0.95 


2.38 


3.078 (5) 


130 


Symmetry codes: (i) 
(iv) -x+ 1, -y, -z. 


x — 1, v + 1, z: (i: 


i) —.v + 1, —y, —z - 


+ 1; (iii) x - 


h2, -y, -z + U 



Data collection: CrystalClear (Molecular Structure Corporation & 
Rigaku, 2005); cell refinement: CrystalClear; data reduction: Crys- 
talClear, program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEPII (Johnson, 1976) and 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: publCIF (Westrip, 2010). 
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The co-crystal N,/V f -bis[(pyridin-1-ium-2-yl)methyl]ethanedithioamide bis(2,6- 
dinitrobenzoate)-2,6-dinitrobenzoic acid (1/4) 

Hadi D. Arman, Tyler Miller, Pavel Poplaukhin and Edward R. T. Tiekink 

1 . Comment 

The title salt co-crystal (I) was isolated in continuation of on-going structural studies of salts/co-crystals formed between 
carboxylic acids, including 2,6-dinitrobenzoic acid (Arman et ah, 2013), and various pyridyl derivatives, such as the 
isomeric A r ,A^'-bis(pyridin-n-ylmethyl)oxalamide series, where n = 2, 3 and 4, and their thioxalamide analogues (Arman et 
ah, 2012). 

The asymmetric unit of (I) comprises half of a 2-({[(pyridin-l-ium-2- ylmethyl)carbamoyl]formamido}methyl)- 
pyridin-l-ium dication, disposed about a centre of inversion, a 2,6-dinitrobenzoate anion and two molecules of 2,6-di- 
nitrobenzoic acid, Fig. 1. The pyridin- 1 -ium rings lie to either side of the central dithioamide chromophore and adopt an 
almost perpendicular orientation forming a dihedral angle of 80.67 (12)°. In the anion, the carboxylate is inclined to the 
benzene ring to which it is attached forming a dihedral angle of 78.85 (16)°. A similar situation pertains in the neutral 2,6- 
dinitrobenzoic acid molecules where the comparable dihedral angles are 81.46 (19) and 71.28 (15)°. By contrast, while 
all nitro groups are twisted out of the plane of the benzene ring to which they are attached, the greatest twist is seen in the 
012— N6— C20— C15 torsion angle of -32.7 (4)°. 

The deprotonated carboxylate 013,014 group is pivotal in the crystal packing, as each oxygen atom accepts a hydrogen 
bond from an adjacent molecule of 2,6-dinitrobenzoic acid, Table 1. As well, the 014 atom accepts a hydrogen bond from 
the pyridinium residue. A supramolecular chain results, base vector [1-1 0], as shown in Fig. 2. Chains are linked into a 
three-dimensional architecture by amide-N — H - O, C — H - 0 and n — n [inter-centroid distance between 
centrosymmetrically related C8-C13 rings = 3.524 (2) A; symmetry operation = 1 - x, -y, 1 - z] contacts. Fig. 3 shows the 
unit-cell contents viewed down the axis of the chain. 

2. Experimental 

2,6-Dinitrobenzoic acid (Sigma- Aldrich, 0. 1 mmol) was dissolved in methanol (5 ml) and added to this was a chloroform 
(10 ml) solution of AyV'-bis(pyridin-2-ylmethyl)thioxalamide (0.5 mmol). The mixture was heated and allowed to stand 
for slow evaporation affording red crystals. 

3. Refinement 

C-bound H-atoms were placed in calculated positions (C — H = 0.95-0.99 A) and were included in the refinement in the 
riding model approximation with (7 is0 (H) set to 1.2{/ eq (C). The O-and N-bound H-atoms were located in a difference 
Fourier map and were refined with a distance restraints of O — H = 0.84±0.01 A and N — H = 0.88±0.01 A, and with 
t/iso(H) = 1.2[/eq(N) and 1.514,(0). The maximum and minimum residual electron density peaks of 1.01 and 0.50 e A" 3 , 
respectively, were located 1 .25 A and 0.79 A from the 06 atom. One of the nitro-0 atoms was refined over two sites; the 
major site was present 0.65 (7). 
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Computing details 

Data collection: CrystalClear (Molecular Structure Corporation & Rigaku, 2005); cell refinement: CrystalClear 
(Molecular Structure Corporation & Rigaku, 2005); data reduction: CrystalClear (Molecular Structure Corporation & 
Rigaku, 2005); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPII (Johnson, 1976) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 2010). 




Figure 1 

Molecular structures of the components of (I), showing atom-labelling scheme and displacement ellipsoids at the 50% 
probability level: (a) [Ci4Hi6N 4 S 2 ] 2+ (unlabelled atoms are related by the symmetry operation i: 1 - x, 1 - y, 1 - z), (b) 2,6- 
dinitrobenzoate anion (only the major component of the 017 atom is shown) and (c) the two independent 2,6-dinitro- 
benzoic acid molecules. 
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Figure 2 

View of the supramolecular chain in (I). The O — H-0 (orange) and N — H-0 (blue) hydrogen bonds are shown as 
dashed lines. 




Figure 3 

Unit-cell contents in (I) viewed down the axis of the supramolecular chain. The amide-N — H - 0 and C — H -0 
interactions are shown as pink and green dashed lines, respectively. 

/V,/V'-Bis[(pyridin-1 -ium-2-yl)methyl]ethanedithioamide bis(2,6-dinitrobenzoate)-2,6-dinitrobenzoic acid (1 /4) 

Crystal data 

C I4 H 16 N4S 2 2+ -2C 7 H 3 N 2 0 6 --4C7H4N 2 06 a= 11.157 (2) A 

M r = 1575.14 b = 11.524 (3) A 

Triclinic, PI c = 14.967 (4) A 

Hall symbol: -PI a = 79.601 (18)° 
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P = 72.859 (17)° 
7 = 61.237 (12)° 
V= 1610.3 (7) A 3 
Z= 1 

7^(000) = 806 

D x = 1.624 MgnT 3 

Mo Ka radiation, 1 = 0.71069 A 

Data collection 

Rigaku AFC 1 2K/S ATURN724 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co scans 

10659 measured reflections 
7317 independent reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2a(F 2 )] = 0.065 

wR{F 1 ) = 0.166 

S = 1.06 

7317 reflections 

5 1 8 parameters 

4 restraints 

Primary atom site location: structure-invariant 
direct methods 



Cell parameters from 5825 reflections 

9= 2.2-40.6° 

/u = 0.20 mm" 1 

r=98K 

Block, red 

0.35 x 0.10 x 0.09 mm 



5680 reflections with I > 2a(I) 
R mt = 0.040 

= 27.5°, 6 mm = 2.0° 
A = -ll->14 
£ = -14_>14 

/ = -19— 19 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = lVCFo 2 ) + (0.0657P) 2 + 1.361P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 1.01 e A" 3 
Ap™ = "0.50 e A" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 1 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




SI 


0.70660 (8) 


0.37681 (7) 


0.41826 (6) 


0.03648 (19) 


01 


0.1913 (3) 


0.7776 (2) 


0.13753 (16) 


0.0472 (6) 


02 


0.0893 (3) 


0.6553 (2) 


0.22582 (16) 


0.0450 (6) 


HIO 


0.036 (4) 


0.717(3) 


0.263 (2) 


0.067* 


03 


0.3630 (3) 


0.5734 (3) 


0.2630 (2) 


0.0622 (8) 


04 


0.5840 (3) 


0.4611 (3) 


0.19541 (18) 


0.0619 (8) 


05 


0.1081 (3) 


0.5406 (3) 


-0.0511 (2) 


0.0651 (8) 


06 


0.0553 (3) 


0.6949 (3) 


0.0351 (2) 


0.0763 (9) 


07 


0.4776 (2) 


0.26021 (19) 


0.29655 (13) 


0.0301 (4) 


08 


0.4287 (2) 


0.08980(19) 


0.35613 (14) 


0.0298 (4) 



Occ. (<1) 
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O.OJlz (o) 




TJ 1 o 


ft 1 AC1 


0.4551 




A 1 A IZ 1 


A A1 




civ 


a a 1 1 a n\ 
U.UllO (3) 


0.4528 (3) 


a i C / 1 A\ 

U.Myjj (ly) 


U.UZSO (?) 




TJ1 A 


A A£ 1 1 


0.5262 




ft 1^ A ft 


ft ftl A * 




C20 


0.1443 (3) 


0.3856 (3) 


A •"> A f AC / 1 ON 

0.34695 (18) 


0.0266 (5) 




Czl 


uAUUd (3) 


0.2085 (3) 


A "3 1 £LA C / 1 H\ 

().3io4d (1 /) 


A AT A £ /C\ 

O.Uz4o (j) 




C22 


A TO/11 /") \ 

0.7842 (3) 


-0.0671 (2) 


0.22087 (17) 


A AT> O /C\ 

0.0238 (5) 




C23 


(J. /4zo (3 J 


-0.1301 (3) 


A nioz; / 1 o\ 

(J.l /ioo (lo) 


A AOT 1 SC\ 

(J.Uz/1 (?) 




L24 


0.7446 (3) 


-0.1059 (3) 


A ATOA1 /1 A\ 

0.07891 (19) 


ft AT A 1 ( £\ 

0.0301 (6) 




H24 


0. /145 


-0.1507 




A c\a no 
0.0498 


A A1 * 

0.036* 






0 7QDS HI 


-0.0164 (3) 




u.uj 1^+ yo) 




H25 


0.7936 


-0.0002 




-0.0375 


0.038* 




C26 


0.8318 (3) 


0.0494 (3) 


0.07111 (19) 


0.0306 (6) 




H26 


0.8633 


0.1114 




0.0366 


0.037* 




C27 


0.8268 (3) 


0.0237 (3) 


0.16622(19) 


0.0273 (5) 




C28 


0.7888 (3) 


-0.0975 (3) 


0.32410(17) 


0.0254 (5) 




Atomic displacement parameters (A 2 ) 




T 71 1 


u 








U 


SI 


0.0282 (4) 


0.0248 (4) 


0.0446 (4) 


-0.0084 (3) 


0.0039 (3) 


-0.0065 (3) 


01 


0.0520(14) 


0.0229 (11) 


0.0448 (13) 


-0.0102 (10) 


0.0058 (11) 


-0.0005 (9) 


02 


0.0467 (13) 


0.0259 (11) 


0.0455 (13) 


-0.0157(10) 


0.0170(10) 


-0.0123 (9) 


03 


0.079 (2) 


0.0403 (15) 


0.0657 (17) 


-0.0112(14) 


-0.0344 (16) 


-0.0180(13) 


04 


0.0589 (17) 


0.092 (2) 


0.0520 (15) 


-0.0505 (17) 


-0.0298 (13) 


0.0319(14) 


05 


0.0656 (18) 


0.087 (2) 


0.0663 (17) 


-0.0437 (17) 


-0.0345 (15) 


-0.0006 (15) 


06 


0.0590 (18) 


0.0609(19) 


0.086 (2) 


0.0067 (15) 


-0.0384 (17) 


-0.0163 (16) 


07 


0.0281 (10) 


0.0300 (10) 


0.0325 (10) 


-0.0137 (9) 


-0.0095 (8) 


0.0035 (8) 


08 


0.0247 (9) 


0.0256 (10) 


0.0364 (10) 


-0.0104 (8) 


-0.0108 (8) 


0.0077 (8) 


09 


0.0303 (11) 


0.0413 (13) 


0.0436 (12) 


-0.0095 (10) 


-0.0037 (9) 


-0.0080 (10) 


010 


0.0554(16) 


0.072 (2) 


0.0743 (19) 


-0.0090 (14) 


-0.0276 (14) 


-0.0419(15) 


Oil 


0.0370 (11) 


0.0287 (11) 


0.0371 (11) 


-0.0110(9) 


-0.0098 (9) 


-0.0059 (8) 


012 


0.0336(11) 


0.0412(12) 


0.0335 (11) 


-0.0052 (10) 


-0.0173 (9) 


-0.0036 (9) 


013 


0.0252 (9) 


0.0296 (10) 


0.0263 (9) 


-0.0014(8) 


-0.0097 (8) 


-0.0058 (7) 


014 


0.0241 (9) 


0.0238 (9) 


0.0235 (9) 


-0.0024 (8) 


-0.0056 (7) 


-0.0065 (7) 


015 


0.0447 (12) 


0.0299(11) 


0.0317(10) 


-0.0162(10) 


-0.0074 (9) 


0.0004 (8) 


016 


0.105 (2) 


0.086 (2) 


0.0476 (14) 


-0.076 (2) 


-0.0205 (15) 


-0.0017 (14) 


017 


0.066 (7) 


0.067 (7) 


0.056 (3) 


-0.052 (6) 


0.002 (3) 


-0.013 (4) 


017A 


0.14(3) 


0.09 (2) 


0.046 (5) 


-0.09 (3) 


-0.022 (10) 


0.006 (7) 


018 


0.0471 (13) 


0.0406 (12) 


0.0364(11) 


-0.0217 (11) 


-0.0145 (10) 


-0.0081 (9) 


Nl 


0.0242 (10) 


0.0232 (11) 


0.0206 (10) 


-0.0118 (9) 


-0.0059 (8) 


-0.0010 (8) 


N2 


0.0224(11) 


0.0207(11) 


0.0346 (12) 


-0.0075 (9) 


-0.0024 (9) 


-0.0055 (9) 


N3 


0.0518(17) 


0.0423 (16) 


0.0402 (14) 


-0.0278 (14) 


-0.0217(13) 


0.0115 (12) 


N4 


0.0445 (16) 


0.0393 (16) 


0.0494(16) 


-0.0133 (13) 


-0.0218 (13) 


0.0019(12) 


N5 


0.0390(14) 


0.0354 (14) 


0.0277 (12) 


-0.0107(11) 


-0.0120(11) 


-0.0047 (10) 


N6 


0.0268 (11) 


0.0332 (13) 


0.0269(11) 


-0.0109(10) 


-0.0082 (9) 


-0.0009 (9) 


N7 


0.0483 (15) 


0.0321 (13) 


0.0311 (12) 


-0.0224 (12) 


-0.0051 (11) 


-0.0077 (10) 


N8 


0.0400 (14) 


0.0397 (15) 


0.0414(14) 


-0.0237 (13) 


-0.0045 (12) 


-0.0084 (11) 


CI 


0.0251 (12) 


0.0218 (12) 


0.0251 (12) 


-0.0119(11) 


-0.0052 (10) 


-0.0003 (9) 


C2 


0.0274 (13) 


0.0228 (13) 


0.0287 (13) 


-0.0102(11) 


-0.0088 (11) 


0.0044 (10) 
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-0.0137 


(12) 
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(11) 


-0.0079(11) 


C25 


0.0282 


(14) 


0.0364 (16) 


0.0224 


(12) 


-0.0077 


(12) 


-0.0072 


(11) 


-0.0037 (11) 


C26 


0.0260 


(13) 


0.0287 (14) 


0.0298 


(13) 


-0.0094 


(12) 


-0.0037 


(11) 
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C27 
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(13) 


0.0246 (13) 


0.0313 


(13) 
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(11) 
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(11) 


-0.0061 (10) 
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0.0301 


(13) 


0.0220 (13) 


0.0241 


(12) 


-0.0090 


(11) 


-0.0097 


(10) 
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Geometric parameters (A, ") 


SI— C7 


1.651 (3) 


C3— C4 


1.390 (4) 


01— C14 


1.209 (3) 


C3— H3 


0.9500 


02— C14 


1.291 (3) 


C4— C5 


1.384 (4) 


02— HIO 


0.845 (10) 


C4— H4 


0.9500 


03— N3 


1.223 (4) 


C5— H5 


0.9500 


04— N3 


1.230 (4) 


C6— H6A 


0.9900 


05— N4 


1.209 (4) 


C6— H6B 


0.9900 


06— N4 


1.217(4) 


C7— CT 


1.531 (5) 


07— C21 


1.209 (3) 


C8— C9 


1.397 (4) 


08— C21 


1.314(3) 


C8— C13 


1.398 (4) 


08— H20 


0.846 (10) 


C8— C14 


1.520 (4) 


09— N5 


1.214(3) 


C9— C10 


1.377 (4) 


O10— N5 


1.221 (3) 


C10— Cll 


1.381 (5) 


Oil— N6 


1.226 (3) 


C10— H10 


0.9500 


012— N6 


1.232 (3) 


Cll— C12 


1.381 (5) 


013— C28 


1.245 (3) 


Cll— HI 1 


0.9500 


014— C28 


1.260 (3) 


C12— C13 


1.386 (4) 


015— N7 


1.226 (3) 


C12— H12 


0.9500 


016— N7 


1.234 (3) 


CI 5— C20 


1.393 (4) 


017— 017A 


0.75 (6) 


C15— C16 


1.395 (3) 


017— N8 


1.227 (8) 


CI 5— C21 


1.517(3) 
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017A— N8 
018— N8 
Nl— CI 
Nl— C2 
Nl— H1N 
N2— C7 
N2— C6 
N2— H2N 
N3— C9 
N4— C13 
N5— C16 
N6— C20 
N7— C23 
N8— C27 
CI— C5 
CI— C6 
C2— C3 
C2— H2 



1.28(2) 
1.208 (3) 
1.343 (3) 
1.350(3) 
0.880(10) 
1.323 (3) 
1.446 (3) 
0.879 (10) 
1.480 (4) 
1.467 (4) 
1.473 (4) 
1.478 (3) 
1.471 (4) 
1.473 (3) 
1.384 (4) 
1.509 (3) 
1.373 (4) 
0.9500 



C16— C17 
C17— C18 
C17— H17 
C18— C19 
C18— H18 
CI 9— C20 
C19— H19 
C22— C27 
C22— C23 
C22— C28 
C23— C24 
C24— C25 
C24— H24 
C25— C26 
C25— H25 
C26— C27 
C26— H26 



1.392 (4) 
1.374 (4) 
0.9500 
1.389 (4) 
0.9500 

1.389 (4) 
0.9500 

1.390 (4) 

1.391 (3) 
1.532 (3) 
1.394 (4) 

1.381 (4) 
0.9500 

1.382 (4) 
0.9500 
1.391 (4) 
0.9500 



C14— 02— HIO 
C21— 08— H20 
017A— 017— N8 

017— 017A— N8 
CI— Nl— C2 
CI— Nl— H1N 
C2— Nl— H1N 
C7— N2— C6 
C7— N2— H2N 
C6— N2— H2N 
03— N3— 04 

03— N3— C9 

04— N3— C9 

05— N4— 06 

05— N4— C13 

06— N4— C13 
09— N5— 01 0 

09— N5— C16 

010— N5— C16 

011— N6— 012 

011— N6— C20 

012— N6— C20 
015— N7— 016 

015— N7— C23 

016— N7— C23 

018— N8— 017 
018— N8— 017A 
018— N8— C27 

017— N8— C27 
017A— N8— C27 



116(3) 
114(2) 
76.8(15) 
68 (2) 
123.9 (2) 
119(2) 
117(2) 
122.7 (2) 
120 (2) 
117(2) 

124.4 (3) 
118.1 (3) 

117.5 (3) 
123.0(3) 

119.1 (3) 
117.6(3) 
123.9(3) 
118.7(2) 

117.4 (3) 
125.0(2) 
117.7(2) 
117.2(2) 
123.6(3) 

118.5 (2) 
117.9(2) 
121.3 (6) 
121.2(13) 
119.3(2) 

118.2 (5) 
114.0 (9) 



C8— C9— N3 
C9— CIO— Cll 
C9— CIO— HIO 
Cll— CIO— HIO 
CIO— Cll— C12 
CIO— Cll— Hll 
C12— Cll— Hll 
Cll— C12— C13 
Cll— C12— H12 
C13— C12— H12 
CI 2— CI 3— C8 
CI 2— CI 3— N4 
C8— CI 3— N4 
01— C14— 02 

01— C14— C8 

02— C14— C8 
C20— CI 5— CI 6 
C20— CI 5— C21 
CI 6— CI 5— C21 
C17— C16— C15 
CI 7— CI 6— N5 
CI 5— CI 6— N5 
C18— C17— C16 
C18— C17— H17 
C16— C17— H17 
C17— C18— C19 
C17— C18— H18 
C19— C18— H18 
CI 8— CI 9— C20 
C18— C19— H19 



119.4 (3) 

119.6(3) 

120.2 

120.2 

119.6(3) 

120.2 

120.2 

119.2 (3) 

120.4 

120.4 

123.6 (3) 
116.2 (3) 
120.2 (3) 
127.1 (3) 

122.4 (3) 

110.5 (2) 

115.1 (2) 

122.2 (2) 

122.7 (2) 

123.3 (3) 
117.8(2) 
119.0(2) 
119.1 (2) 
120.4 
120.4 
120.3 (3) 
119.9 
119.9 
118.8(3) 
120.6 
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Nl— Cl— C5 118.4(2) 

Nl— CI— C6 115.3 (2) 

C5— Cl— C6 126.3 (2) 

Nl— C2— C3 119.0(3) 

Nl— C2— H2 120.5 

C3— C2— H2 120.5 

C2— C3— C4 118.9(3) 

C2— C3— H3 120.5 

C4— C3— H3 120.5 

C5— C4— C3 120.5 (2) 

C5— C4— H4 119.7 

C3— C4— H4 119.7 

Cl— C5— C4 119.3(3) 

Cl— C5— H5 120.4 

C4— C5— H5 120.4 

N2— C6— Cl 113.4(2) 

N2— C6— H6A 108.9 

Cl— C6— H6A 108.9 

N2— C6— H6B 108.9 

Cl— C6— H6B 108.9 

H6A— C6— H6B 107.7 

N2— C7— C7 1 113.8(3) 

N2— C7— SI 124.5(2) 

C7'— C7— SI 121.7(3) 

C9— C8— C13 114.5(2) 

C9— C8— C14 121.7(2) 

C13— C8— C14 123.8 (2) 

CIO— C9— C8 123.5 (3) 

CIO— C9— N3 117.1(3) 

017A— 017— N8— 018 -101 (2) 

017A— 017— N8— C27 92.1 (16) 

0 1 7—0 1 7 A— N8— 0 18 1 0 1 (4) 

017— 017A— N8— C27 -105.4 (15) 

C2— Nl— Cl— C5 -1.1 (4) 

C2— Nl— Cl— C6 -179.8 (2) 

Cl— Nl— C2— C3 0.8 (4) 

Nl— C2— C3— C4 0.2 (4) 

C2— C3— C4— C5 -0.7 (4) 

Nl— Cl— C5— C4 0.5(4) 

C6— Cl— C5— C4 179.0 (3) 

C3— C4— C5— Cl 0.4 (4) 

C7— N2— C6— Cl 74.8 (3) 

Nl— Cl— C6— N2 -162.8 (2) 

C5— Cl— C6— N2 18.6(4) 

C6— N2— C7— C7 1 172.3 (3) 

C6— N2— C7— SI -8.2 (4) 

C13— C8— C9— CIO -0.8(4) 

C14— C8— C9— CIO -179.3 (3) 



C20— C19— H19 120.6 

C19— C20— C15 123.5(2) 

C19— C20— N6 117.1(2) 

C15— C20— N6 119.4(2) 

07— C2 1—08 126.1 (2) 

07— C21— C15 122.1 (2) 

08— C21— C15 111.7(2) 
C27— C22— C23 115.0(2) 
C27— C22— C28 121.5 (2) 
C23— C22— C28 123.5 (2) 
C22— C23— C24 123.1 (3) 
C22— C23— N7 119.5(2) 
C24— C23— N7 117.4(2) 
C25— C24— C23 119.6(2) 
C25— C24— H24 120.2 
C23— C24— H24 120.2 
C24— C25— C26 119.5(2) 
C24— C25— H25 120.2 
C26— C25— H25 120.2 
C25— C26— C27 119.2(3) 
C25— C26— H26 120.4 
C27— C26— H26 120.4 
C22— C27— C26 123.7 (2) 
C22— C27— N8 119.7(2) 
C26— C27— N8 116.6(2) 
013— C28— 014 125.0(2) 

013— C28— C22 117.2(2) 

014— C28— C22 117.7(2) 

09— N5— C 1 6— C 15 -24. 1 (4) 

010— N5— C16— C15 156.9 (3) 
C15— C16— C17— C18 0.1 (4) 
N5— C16— C17— C18 -179.6(2) 
C16— C17— C18— C19 0.3 (4) 
C17— C18— C19— C20 -0.5 (4) 
C18— C19— C20— C15 0.3 (4) 
C18— C19— C20— N6 -178.1(2) 
C16— C15— C20— C19 0.1 (4) 
C21— C15— C20— C19 178.4(2) 
C16— C15— C20— N6 178.4 (2) 
C21— C15— C20— N6 "3.2(4) 

011— N6— C20— C19 -32.3(3) 

012— N6— C20— C19 145.8 (3) 

011— N6— C20— C15 149.3 (2) 

012— N6— C20— C15 -32.7 (4) 
C20— C15— C21— 07 -70.4(3) 
C16— C15— C21— 07 107.8(3) 
C20— C15— C21— 08 109.5 (3) 
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Z" 1 1 1 O P A XTO 

C13 — C8 — C9 — N3 


1 "7 A O /1\ 

179.3 (2) 
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TO o /o\ 

-72.2 (3) 


p i /i /■ o pa xto 

C 1 4 — C 8 — C9 — N 3 


A *7 / A \ 

0.7 (4) 


P O "7 POO /"'OO O /I 

C27 — C22 — C23 — C24 


f\ H ( A\ 

0.7 (4) 


03 — N3 — C9 — C 1 0 


1 C A A /O \ 

-154.0 (3) 


POO POO PT) P O /I 

C28 — C22 — C23 — C24 


1 77 1 /ON 

-177.1 (2) 
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n n / a\ 

23.7 (4) 


C27 — C22 — C23 — N7 
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03 — N 3 — C9 — C 8 


25.9 (4) 
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C28 — C22 — C23 — N7 


O H { A\ 

3.7 (4) 


p i XT'? /^a /^o 

04 — N 3 — C9 — C8 


1 f / A /O \ 

-156.4 (3) 


/ ~\ i c xto" c ' ~\^> pn 
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A O 

-0.2 (4) 
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XT') /"<A /"< 1 A 1 1 
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1 "7 A *7 /O \ 

179.7 (3) 


p i r XTO" pn p /I 
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162.2 (3) 
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1 A f A \ 

1.0 (4) 
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OA /I //I \ 

—20.4 (4) 
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C 1 0 — C 1 1 — C 1 2 — C 1 3 


AO / A\ 

-0.8 (4) 


pn pn po /i pic 

C22 — C23 — C24 — C25 


0.5 (4) 


pi i pn pn p o 

C 1 1 — C 1 2 — C 1 3 — C8 


A 1 i A\ 

-0.3 (4) 


XT "7 /""O"? ' ~) A POC 

N7 — C23 — C24 — C25 


1 o"A z: /i\ 

179.6 (3) 


pi 1 p 1 O P 1 O XT /I 

Cll — C 1 2 — C 1 3 — N 4 


177.5 (3) 


pn p o /i poc < o /_ 

C23 — C24 — C25 — C26 


1 A /A \ 

-1.0 (4) 


pp\ po pn pn 

C9 — C8 — CI 3 — C12 


1 A / /I \ 

1.0 (4) 


p ^ /i poc < o /_ pn' 

C24 — C25 — C26 — C27 


AO { A \ 

0.2 (4) 


C14 — C8 — C13 — C12 


1 0"A C /")\ 

179.5 (3) 


pn pn po -7 p o 

C23 — C22 — C27 — C26 


1 C / /I \ 

-1.5 (4) 


p r\ p o p i i XT /I 

C9 — C8 — C13 — N4 


1 1 /" i /o\ 
-176.7 (2) 


POO /"<00 p^n PO/' 

C28 — C22 — C27 — C26 


1 7/" /I /ON 

176.4 (2) 


p 1 A PO /"< 1 O \T/I 

C 1 4 — C 8 — C 1 3 — N 4 


1 A / /I \ 

1.9 (4) 
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C23 — C22 — C27 — N o 
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177.7 (2) 


pv c xt /i pn pn 
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C *7 //I \ 
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A A / A\ 

-4.4 (4) 


Oo — N4 — C13 — C12 


-168.2 (3) 


pic p o pn? poo 

C25 — C26 — C27 — C22 


1.1 (4) 


/-\ c XT A f ~* 1 ") p o 

05 — N4 — C 1 3 — C8 


-176.5 (3) 


p o C z' ■• O /" P O "7 XTO 

C25 — C26 — C27 — N8 


1 "7 O O /O \ 

-178.2 (3) 


p, /-_ XT/I pi 1 p O 

Oo — N4 — C 1 3 — C8 


9.6 (5) 


/O 1 o XTO p O ^7 pn 

(J 1 8 — N 8 — C27 — C22 


1 A O / /I \ 

-14.3 (4) 


C 9 — C 8 — C 1 4 — 0 1 


OA A ( A \ 

80.4 (4) 


p. 1 —l XTO p o "7 POO 

(J 1 7 — N 8 — C27 — C22 


1 CO 1 / 1 ^\ 

153.1 (16) 


C 1 3 — C8 — C 1 4 — 0 1 


no 1 / a\ 

-98.1 (4) 


pn a xto p o ~7 pn 

(J 1 7 A — N 8 — C27 — C22 


i/;n / /I \ 

168 (4) 


t~~*c\ p o pi /i /"\o 

C 9 — C 8 — C 1 4 — 02 


AO A /O \ 

-98.9 (3) 


p\1 o XTO p o 1 PO/" 

0 1 8 — N 8 — C27 — C26 


165.0 (3) 


C13 — C8 — C14 — Oz 


OO ^ /1\ 

82.6 (3) 


Ol / — No — C2 / — C26 


OO" /1 £\ 

—2 /.o (loj 


C20— CI 5— CI 6— C17 


-0.3 (4) 


017A— N8— C27— C26 


11(4) 


C21— CI 5— CI 6— C17 


-178.6(2) 


C27— C22— C28— 013 


-76.6 (3) 


C20— CI 5— CI 6— N5 


179.4 (2) 


C23— C22— C28— 013 


101.1 (3) 


C21— CI 5— CI 6— N5 


1.1 (4) 


C27— C22— C28— 014 


100.7 (3) 


09— N5— CI 6— C17 


155.6(3) 


C23— C22— C28— 014 


-81.6(3) 



010— N5— CI 6— C17 -23.4 (4) 

Symmetry code: (i) -x+l, -y+\, -z+1. 



Hydrogen-bond geometry (A, °) 



D—n-A 


D—n 


n-A 


D-A 


D—n-A 


02— Hlo-013 a 


0.84 (3) 


1.70 (3) 


2.536(3) 


169 (5) 


08— H2o-014 


0.85 (3) 


1.70 (3) 


2.546 (3) 


178 (4) 


Nl— Hln-014 


0.88 (3) 


1.86 (3) 


2.733 (3) 


171 (3) 


N2— H2n-015 Ul 


0.88(3) 


2.53 (3) 


3.202 (3) 


134 (2) 


C3— H3-018 iv 


0.95 


2.39 


3.141 (5) 


136 


C12— H12-016 v 


0.95 


2.41 


3.301 (4) 


157 


C25— H25-O10 v 


0.95 


2.38 


3.078 (5) 


130 


Symmetry codes: (ii) x~\ , y+l , z; (ii 


i) -x+l, -y, -z+1; (iv) -x+2, -y, -z+1; (v) 


-x+l, -y, -z. 







Acta Cryst. (2013). E69, o1506-o1507 



sup-10 



